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ABSTRACT

A large pressure tank, fabricated of HY-100 steel, was ‘ton-
structed for the David W. Taylor Naval Ship Research and Develop-
ment Center (DTNSRDC). During construction careful documentation
was kept concerning materials, construction practices, inspection,
and certification. This report publishes that information.  It:is

prepared to help others who may need to construct items from HY-
100 steel.

ADMINISTRATIVE INFORMATION
The pressure tank was built by Hahn and Clay of Houston, Texas, for
the Navy under contract N00600-73-C-0706. Funds for the construction were
provided by Naval Material Command 6.5 money and Naval Sea Systems Command
6.2 money. The contract was administered by the Navy Regional Procurement
Office through Defense Contract Administration Services, Houston, Texas.

INTRODUCTION

The David W. Taylor Naval Ship Research and Development Center
(DTNSRDC) has a number of pressure tanks at its Carderock site. The first
of these to be installed was a 12-foot diameter tank. It was put in
service in the early 1950's. A routine inspection late in the 1960's
revealed a large number of fatigue cracks and at that point plans were be-
gun to replace the tank.

The replacement tank is 13-feet in diameter, 40 feet long and operates
at a pressure of 3,000 pound per square inch. The tank, which was con-
structed by Hahn and Clay, Houston, Texas, is ‘a multilayer tank, made of
HY-100 steel. The advantage of multilayér ‘as well as a description of
multilayer construction isi¢dn€ained in & paper by R. Pechacek published
by ASME. Mr. Pechacek states: ¢ 2T

"The ever increéasing demand for higher service pressures in
pressure vessels is pushing today's material and fabrication
technology to its limit.

"Improved material properties, enhanced by sophisticated
alloying, vacuum degassing, electroslag remelting, multiple heat
treatment, etc., have provided some relief. However, today's high
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pressuies require metal thicknesses that do not lend themselves

to uniform heat treatment. High physical properties are difficult
to achieve at the mid-point of thick sections. Therefére, when
high mid-point properties are required, the total single wall
thickness becomes restrictive.

"Increased design stresses, supported by high quality control
standards, exhaustive nondestructive testing (NDT), advanced
analytical and experimental stress analysis, etc., are being
used to extend the limit of today's metal technology. In many
cases, that limit also has been reached.

"Large, thick, single wall vessels present complex material,
fabrication, post-weld heat treatment (PWHT), and NDT problems
that sometimes defy solution. Layered vessels offer an alternative

design approach.

THE LAYERED VESSEL

"The layered vessel consists of a pressure tight inner shell,
surrounded by multiple layers which are vented t&ithe atmosphere.

"The inner shell is usually made of a material selected to
resist corrosion, erosion, embrittlement, etc., of the internal
liquids and/or gases. The inner shell may or may not be con-
sidered load bearing. Its prime function is to seal the contents.

"The layer material is chosen for its load bearing character-
istics. That is, it resists the stresses generated by the in-
ternal vessel pressure and the temperature ;mposed on the
structure. The number of layers is dictated by loads imposed on
the vessel (pressure, temperature, wind, earthquake, etc.).

"Since the layer material is thin, usually less than 1/2 in.
(12.7 mm thick), very high strength and toughness properties can
be achieved by cross rolling, quenching and tempering."

D ———
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During construction careful documentation was maintained concerning
material, fabrication procedures, inspection, etc. The purpose of this
report is to present that data to the engineering community so that future
HY-100 structures may benefit from the project.

GENERAL

The 13-foot tank was built under contract N00600-73-C-0706. It was
built in five major parts, these are the upper and lower hemispherical
heads and the three main cylinders.

The assembly was as follows. The middle and lower cylinders were
assembled and welded together. The lower head was assembled and welded
to the lower cylinder, see Figure 1. A forging was welded to the upper
cylinder and another forging was welded to the upper head. (The upper
head ferging is a layered forging made from two ring forgings.) These
forgings, shown in Figure 2, have interlocking fingers. The two forgings
were assembled and tapered holes were machined for closure pins as shown
in Figure 3. Finally the upper cylinder was welded to the lower assembly
to form the complete tank, see Figure 4. Several nozzles made from HY-100
forgings were fabricated and installed during construction as will be

described later.

MATERIAL

The major part of the tank was made of HY-100 steel plate material
supplied by Lukins Steel, Coatsville, Pa. The plate was nominal HY-100
with some modifications to the sulphur, phosphorous, and vanadium limits
to improve weldability. The plates varied in thickness from 5/16 to
1 inch.

All plates were required to meet the chemical, mechanical, toughness
and nondestructive examination requirements of military specification MIL-
§-16216H(1). In addition the phosphorous, and sulphur contents were limit-
ed to 0.015 percent and vanadium was limited to 0.02_percent. The ultimate
tensile strength was at least 115,000 pound per square inch. It was
required that the steel be vacuum degassed while in the molten state.
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Charpy impact specimens were taken from each plate at 1/4 thickness.
These had to exhibit at least 50 foot pound at -120 degree Fahrenheit.

The failure planes had to be 100 percent fibrous fracture in appearance at
0 degree Fahrenheit.

Table 1 lists the mechanical and impact properties of each plate.
Table 2 lists the actual chemistry of each plate.

The forgings were also made of HY-100 steel. The forging properties
were required to conform to military specification MIL-S-23009A. Once
again the phosphorous and sulphur contents were limited to a maximum of
0.015 percent, the vanadium to 0.02 percent, and the minimum ultimate
strength was 115,000 pound per square inch. Vacuum degassing was again
required. Charpy v notch specimens were taken both axially and transverse-
ly at mid thickness. These specimens were required to have 100 percent
fibrous fracture appearance and an average Charpy value of 50 foot pound
at 32 degree Fahrenheit. A minimum tempering temperature of 1,050 degree
was required.

The forgings were supplied by Muroran Plant of Japan Steel Works, as
no U.S. company would guarantee the required properties. Table 3 shows
the chemistry of the forgings. This table includes the large forgings for
the closure rings and the small ones ror the nozzles. Table 4 lists the
mechanical properties of all forgings. Charpy specimens from the two
thickest ring forgings were not quite 100 percent fibrous. To determine
the ductility of these, dynamic tear tests were run. The results indicated
nil ductility temperature of -120 degree Fahrenheit and good tear resist-
ance at 32 degree Fahrenheit. Therefore, the forgings were accepted even
though they did not meet the 100 percent fibrous fracture requirement of
the original contract specification.

To assure good quality material both the plates and the forgings were
inspected using ultrasonic (UT), magnetic particle (MT), and liquid pene-
tration (PT) techniques. The requirements were as follows: (a) the
forgings were inspected with each method using 100 percent coverage. If a

surface crack of 1/8 inch was found by either PT or MT, or a discontinuity
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greater than 20 percent of normal back reflection was found by UT, the
forging was rejected, (b) the plates were inspected in accordance with
MIL-S-16216H.

Both Lukens Steel and Japan Steel were required to provide Quality
Assurance Standards. These standards provided such data as who inspected
the material, what their qualifications were, what equipment was used, how
and when it was last calibrated, etc. These documents are on file.

The welding rod used on the tank was also carefully controlled. The
11018 rod, used to join HY-100 to HY-100, was required to exhibit Charpy
values of 20 foot pound at -60 degree Fahrenheit and 40 foot pound at
32 degree Fahrenheit. Chemical and mechanical property tests, impact, and
side bend tests were required for each heat, lot, or batch of electrodes.
Tests were done in accordance with Military Specifications MIL-E-22200/1C
and MIL-STD-00418B. Test data for both (11018 and NiCuz) rods used are on
file. Since this data would be bulky to include, only one set of data is
presented. Table 5 contains typical data available for the 11018 rod used
to weld HY-100 to HY-100 and Table 6 contains typical data for the NiCu2
rod used to weld monel liners and to overlay monel deposits.

Finally, the taper pins used to hold the tank closed were manufactured

from E 4340H steel. The properties of this material are listed in Table 7.

FABRICATION

THE UPPER HEAD

The head is made of 8 layers. The inner layer is 3/4-inch thick and
the cther 7 layers are all 0.392-inch thick. This makes the finished
thickness approximately 3 1/2 inch. Each layer is made up of a circular
plate at the center called a dollar plate, a row of eight wedge-shaped
plates called gore plates and a second row of 16 gore plates, see Figure 5.

The first row of 16 gore plates were stamped to the approximate
spherical shape and layered up on the frame shown in Figure 6. The edges
of the plate were prepared as shown in Figure 7 and the bevels were in-
spected with magnetic particle (MT). The gore plates were then heated tg
200 degree Fahrenheit and manually welded from the inside using temper
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beads. Next the joint was back gouged outside to sound metal and ground
smooth. The root pass was MT inspected. Then the outside was welded
manually just as before and ground smooth. The weld was MT inspected and
100 percent radiographed (RT). In nearly all cases the radiographs used
gamma rays from iridium, Ir 192, rather than X-rays.

The above process was used for all seams on the inner layer. This
includes the vertical welds, welding one gore plate to another, and the
two horizontal welds; one between the dollar plate and the upper ring of
gore plates and the other between the two gore plate rings (see Figure 5).

Once the inner layer was completed, a gore-applying fixture was set
up. This is basically a hydraulic jacking arrangement which presses the
gore piece against the head, see Figure 8. The gore pieces were again
stamped to the appropriate shape of the sphere. This time, however, a
number of vent holes were drilled into the plates as shown in Figure 9.
The prime purpose of these is to vent the welding gages. It also alldws
the layer tightness to be measured. Finally, the vent holes are a safety
device since any leak that developes in the inner shell is vented to the
outside thus preventing a catastrophic failure. Each gore plate was
pressed over the inner skin to the desired tightness, heated to 200 degree
Fahrenheit, and tack welded. The ends of the tack weld were ground
smooth. Care was taken to be sure alternate layer welds were staggered.

This process was repeated for the next gore. The fitup of the 0.392-
inch gore plates is shown in Figure 10. This fitup is used for all joints
in the layer. Once the plates were fitted they were manually welded with
the 11018 rod at a 200 degree preheat. All but the first and last pass
were lightly peened. Finally the welds were ground smooth and MT inspected.
The plates were checked for tightness.

If a plate was found to be loose, the plate was lanced. This in-
volved machining a groove in the plate nearly its entire thickness and
filling the groove with weld to shrink the plate. Welding procedures and
inspection for this operation are the same as for other joints. This pro-

cedure was repeated until all layers were attached.




The next process was to install four nozzles. Prior to installing
these, monel liners were put on the nozzles and a monel plate was added
to the inside. To do this the nozzles were machined as shown in Figure 11.
The liner was then installed and welded all around using a 200 degree
Fahrenheit preheat and NiCu2 electrodes. Care was taken to remove all
contaminants before heating. The initial weld was ground smooth and dye
checked. Next the remaining areas were overlayed using the same welding
procedures. These were also ground smooth and dye checked. The nozzles
were then machined to final dimensions. Finally the monel plate was
manually welded to the inside surface of each nozzle. Where the plate was
welded to a monel overlay, a preheat of 70 to 150 degree was used and where
the plate was welded to HY-100 a 250 degree preheat was used. Once again
NiCu2 electrodes were used. The welds were ground smooth and checked with
dye penetrant. No peening of welds was allowed.

As soon as the nozzle was lined it was installed in the head. First
; a hole was machined in the head at the correct location and the nozzle was
installed. A backup ring was welded on as shown in Figure 12. The
assembly was heated to 200 degree and the nozzle was manually welded from

the inside with the 11018 electrode. Light peening was used on all passes

except the first and last. Temper beads were used on the last pass. The
backup ring was removed by arc gouging and the outside was arc gouged to |
sound metal which was ground smooth. The root was then magnafluxed. The

outside was welded as above peening all but the final pass which used

temper beads. Welds on both sides were contour ground, MT inspected, and

100 percent radiographed.
The large nozzle in the center of the head also received a monel ]

overlay as shown in Figure 13, First a one-eighth inch recess was machined ‘

over the nozzle face. All contaminants were removed and the nozzle was

heated to 200 degree. The overlay was manually added with NiCu2 rod and

ground smooth. No peening was allowed. The nozzle was dye checked and 4

machined to the final dimensions.




A hole was machined through the head and ground smooth. The bevel was
MT inspected. Afte; fitup a backing bar was installed on the outside.
This nozzle was welded using the same procedure as the others, except that
all passes except the first and last were thoroughly peened. ¥

Three support lugs were installed in the head to be used during tests
to hang models. Since the head is layered, the layers were joined at the
lugs to tranéfer load to all layers of the head instead of just the inside
one. To do this a hole was burned in each layer (except the inside one)
over each of the three lugs. The holes were ground smooth and beveled to
15 degree. Each hole was manually filled with weld as that layer was
assembled using 200 dggree preheat, 11018 electrodes, light peening of each
pass and temper bead§5 Each hole was ground flush, and MT inspected before
the next layer was applied.r The holes in one layer overlap the holes in
the next layer. The lugs were cut to size, ground smooth, and the bevels
MT inspechd. They were next fitted and welded using the same procedure as
abéve, except that each pass was thoroughly peened. The root side was back
gouged to sound metal, ground smooth, and MT inspected; then finish welded
just as before, ground smooth, and inspected.

The final major assembly was installing the forging to the head. The
design of this forging required a finished thickness of 12 inch. This was
too thick to forge as one piece; therefore, two thinner forgings were used.
These were 6 1/4 and 6 3/4-inch thick. First the finger grooves and out-
side dimensions were rough machined. Next the mating surfaces were care-
fully machined. This included machining the weld groove shown in Figure 14
on the inner forging. The two forgings were shrunk-fit together by heating
the outside forging and cooling the inside forging before assembling them
together, see Figure 2. Once the two forgings were shrunk-fit together the
CS-F1 weld (Figure 14) was made. It was done at a 200 degree preheat, with
the 11018 rod. All passes were thoroughly peened except the first and last
and tehper beads were used on the last layer. The weld was ground smooth
and completely inspected with MT.' Finally the finished forging was
machined to fit the head, and the head and closure forging were machined

to clean up each side of the weld groove.
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The closure forging was next fitted to the head and a backup bar tack
welded on the inside only. The seam was then welded using 200 degree pre-
heat, the 11018 rod, and temper beads on the last pass. All passes were
thoroughly peened except the first and last. Next the backup bar was
removed and the root arc gouged to sound metal, ground smooth, and MT in-
spected. The weld was then finished off, thoroughly peening all layers
except the last, ground smooth, MT inspected, and then 100 percent radio-
graphed.

Following this the lifting lugs were attached as outlined in Figure 15.

An overlay of monel was deposited on the inner finger of the inner
forging in the sealing area, see Figures 2 and 16. The finger was machined
and preheated to 200 degree, welded with NiCu2 electrodes (no peening
allowed), ground smooth enough to inspect, PT inspected, and machined to
final size.

This completed fabrication of the upper head except for final machin-
ing the closure forging. This had to be done in conjunction with the same

task for the tank body so that they would fit together.

THE LOWER HEAD

The lower head was manufactured exactly the same as the upper head
except it had one more iayer which was 3/8-inch thick and was added as a
corrosion allowance. Fitup of this extra plate was approximately the same
as that shown in Figure 10 for the 5/16-inch plate. This head has no
nozzles or lifting pads. It was welded directly to the lower cylinder of
the tank so no forging was necessary. The welding process will be des-

cribed in the next section.

THE CYLINDERS
The cylindrical portion of the tank was made up of three cylindrical
cans welded together. The three cylinders were wrapped or formed identi-

cally. Welding details were different for each cylinder depending on its

various attachments.

e |
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The wrapping operation for the three cylinders or cans will be

described first. Before actual construction of the cans began, a mandrel,
& shown in Figure 17, was constructed. Its outside diameter corresponded to
‘ ; the inner diameter of the tank and it was slightly shorter than the cans.

Two l-inch plates the length of the first can were rolled to approxi-
mately the inner diameter of the tank and were then laid up on the mandrel
shown in Figure 17. The plates were pulled up tightly to conform to the
mandrel, with hydraulically operated '"belly bands." Once fitted they were
welded together to form the inner shell or wrap. The welding procedure was
as follows. The bevel shown in Figure 7 was burned and ground to bright
metal. The seam was heated to 200 degree and manually welded inside with
the 11018 electrode. Moderate peening was used for all but the first and
last pass. Preheat was kept constant throughout the operation and interpass
temperatures were limited to 300 degree. Temper beads were used on the
final pass.

The root pass was back gouged to sound metal, ground smooth, and in-
.spected with MT. The seam was then welded manually using the same pro-
cedure as outlined above. The weld was then MT inspected, allowed to cool, .
and 100 percent radiographed.

As soon as the inner shell was inspected the next layer was added.

This consisted of a 1/2-inch thick layer made of four segments. The seg-

ments were rolled to the approximately correct diameter, put on the mandrel,
fitted as shown in Figure 10, pulled tight with the belly band, tack welded
using 200 degree preheat, and ground smooth of the tacks at the ends. After

the entire layer was in place it was welded manually (downhand) using 200
degree preheat, 11018 electrodes, and light peening on all but first and
last pass. Once the welding was completed the welds were ground flush and
MT inspected. The layer was then checked for tightness with feeler gauges
in the vent holes and for sound using a light hammer. If the layer was not
tight it was lanced (for description of lancing see upper head fabrication
procedure) and rewelded.

This procedure was repeated until each can had a l-inch inner shell,

ten 1/2-inch intermediate layers and two 5/16-inch outer layers. Care was

10
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taken to stagger the weld seams from layer to layer. The upper can was 7-
foot long, the middle can was 10-foot long, and the lower can was 9-foot,
11 9/16-inches long. All layers in the upper can were 7-foot long and all
layers in the middle can were 10-foot long. However, the outside layers
in the lower can were somewhat shortened at the bottom end to account for
the difference in thickness between the head and the cylinder, see Figure
18.

Once the lower can was completed it was fitted with four small nozzles
and one large one. Prior to installing the nozzles they wefe fitted with
monel liners and a monel plate was added to the inside. To do this the
small nozzles were machined as shown in Figure 11 and the large nozzle was
machined as shown in Figure 19. Welding and inspection procedures were
the same for these five nozzles as for the nozzles in the head.

The nozzles were welded into the cylinder as shown in Figure 20. The
procedure was the same for both the big and small nozzles. A hole was
machined in the cylinder, the nozzle inserted, and a backing bar installed.
The material was heated to 200 degree and manually welded from inside with
the 11018 rod. Light peening was used on all but the first and last
passes. Temper beads were used on the last pass. The final layer was !
ground flush with the inside shell and no weld touched the monel plate. A
deposit of monel was then added using a N:I.Cu2 electrode, see Figure 20.
After grinding smooth, the weld was MT inspected. The backup bar was
removed by arc gouging and this was continued to sound metal. After grind-
ing smooth the root was MT inspected. The outside weld was then completed
using 200 degree preheat, an 11018 rod, and light peening on all but the

last pass; temper beads were used on the last pass.

Finally the weld was contour ground smooth inside, MT inspected out-
side, PT inspected inside, and 100 percent radiographed.

Five small nozzles were also installed in the upper can. These were
prepared and installed in exactly the same manner as were the small nozzles

on the lower can.
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A monel overlay was added to support the sealing ring, see
Figures 2 and 21. The upper can was machined as shown and the overlay was
manually inserted using a NiCu2 rod and a preheat of 200 degree Fahrenheit.
(The bolt holes were welded before the entire overlay was added.) The
overlay was ground smooth enough to PT inspect and then machined to final
size.

The welding of the upper can to the upper forging was accomplished as
follows. The can and forging were machined as shown in Figure 22. After
fitting, the inside was tack welded and the outside welded completely using
200 degree preheat, an 11018 electrode, light peening on all but first
and last pass, and temper beads on the final layer. After welding outside,
the inside was back gouged to sound metal ground, and the root inspected
with MT. Then the inside weld was finished using the same procedure.
Finally both ends were ground smooth, MT inspected, and 100 percent radio-
graphed. .

FINAL ASSEMBLY

The lower portion of the tank was assembled first. The lower end of
the middle can and the upper end of the lower can were prepared, fitted as
shown in Figure 22, and welded using the procedure described for putting
the upper forging on the upper can.

The lower head was fitted to the lower can as shown in Figure 23 and
welded using the same procedure as outlined above. This completed lower
assembly is shown in Figure 1.

The fingers were machined on the head and tank forgings as shown in
Figure 2 and the taper pin holes were bored, see also Figure 3. The
head and upper cylinder were disassembled and the upper cylinder was
welded to the lower assembly using the procedure followed for welding the
middle and lower cans together. This completed the assembly of the tank.

12
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WELDING AND WELDING REPAIR

Throughout the fabrication section reference was made to welding
techniques. Such items as electrode, minimum preheat and amount of peen-
ing were covered. Quality welds require much more than careful weld
parameters. First is the welder. Each welder used during the construction
of this tank was certified for HY-100 steel. This means he has welded
specimens made of the material to be used. These are made with the equip-
ment to be used in the position to be certified. The specimens are then
sent to an independent company for evaluation. A report similar to that
shown in Figure 24 is on file for each welder and qualification combination.

The specific qualification requires each welder to pass an eye test.
He must then weld two plates, one a single bevel and one a double bevel.
These welds are then radiographed and must meet requirements established
in NAVSHIPS 0900-600-9010 and MIL-STD-00418B. The plates are cut up into
six side bend test specimens. These are tested and if any specimen opens
greater than 1/8 inch or any three openings more than 1/16 inch, the welder
is disqualified.

In addition to qualifying welders each welding procedure is also
qualified according to NAVSHIPS 0900-600-9010 whether it is a repair or a
first time weld. This test requires everything the welder qualification
test requires plus a tension test. In this reduced section tension test
the specimen must fail outside the weld and heat affected zone to be
acceptable or if it fails in these areas it is acceptable if the stresses
equal the minimum specified HY-100 physical properties.

After both the welder and the process are qualified each weld is
carefully monitored and inspected. Appendix A shows the welding history
of Long Seam Number 2. This was picked as an example since it was typical

of the procedure and because it did have a defect.
INSPECTION

Various components of the tank were nondestructively examined during

and after construction. The requirements are as follows:

13




a. Forgings - The forgings required 100 percent surface inspection
with both PT and MT, and 100 percent co«wrage with UT.

b. Plates - Only UT was required and then only on plates thicker than
1/2 inch. The scanning grid was on 2~foot centers.

c. Welds - All weld inspection conformed to Part AF of Section VIII
of ASME Boiler and Pressure Vessel Code, Division 2. In general full pene-
tration, full thickness welds required 100 percent gamma radiation in-
spection. Full penetration welds at reinforced openings required radiog-
raphy if possible. Liquid penetrant or magnetic particle may be used if
radiography is not feasible. This examination is required for each shell
layer. Full penetration welds of individual layers shall be inspected
using MT or PT. Cladding is examined with PT only.

Once again specifications are only as good as the people and equipment
used to implement them. In this case both people and equipment are
governed by industry standards established by the American Society of
Nondestructive Testing and implemented by individual company certification
programs, an example of which is shown in Appendix B. An example of an

inspection report is shown in Figure 25.

SUMMARY
It is well within the state-of-the~art to build a high grade pressure
tank of HY-100 steel. To do so however requires careful control of mate-
rial, fabrication, welding, inspection techniques, procedures, and

personnel.
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Figure 3 - Final Machining of Pin Holes in Forgings
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Figure 4 - Tank Being Offloaded in Baltimore
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Figure 5 - Layout of Segments for Hemispherical Heads
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Figure 6 - Laying Up First Layer of Bottom Head
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Figure 8 - Assembling a Head
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Figure 10a - Typical Layer Long Seams
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Figure 10 - Welding Fitup for Intermediate Layers of
Heads and Cans
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Figure 1lla - End of Nozzle Outside Tank
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Figure 1lb - End of Nozzle Inside Tank
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Figure llc ~ Plate Welded to Nozzle

Figure 11 - Welding Details for Lining Small Nozzles
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Figure 12 - Welding Details for Welding Small Nozzles in Head
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Figure 13 - Welding Details for Feed Through Nozzle
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28




3/16"” MIN. MONEL OVERLAY
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RECOMMENDED FORM Q-1 MANUFACTURER'S RECORD OF WELDING PROCEDURE
QUALIFICATION TESTS

Specification No. 2A8T=A=) ... . ..., Date ... Jaly 22, .1965... ... .

Welding Pmteunnttie Sﬂoldod ‘“ ........ Manual or Machine hll.l ............. A AR
Material Smhou.n'"m&tw‘lm ....... of P-No........... OTENG R o, O et re S
Thickness (if pipe, diameter and wall thickness). . 1625 .........................................................
Thickness Range this test qualifies.... .. .. . 1:250' .................... PN A U o D St e T S e
Filler Metal Group No. o S RN Lt Firux on ATmosPuers
Weld Metal Analysis No. A- N e T e e Flux Trade Name or Composition. ... ............. ... ....
Describe Filler Metal if not included in Table Q-11.20r QN-11.2  Inert Gas Composition. . ............ ....ccoovneniniinns
....................................................... TradeName....................FlowRate...... ........
For oxyacetylene welding—State if Filler Metal is silicon or  Is Backing Stripused? . 0O . ............................
aluminum killed.

Preheat Temperature Range. 2m°l‘ ...................

Wieroinc Procsounrs

Single or Multiple Pass.. MOLSAPLO. .. ... ... Postheat Treatmene. .. ROP® . . . .. ...
Single or Multiple Arc. .~ 1W1 .......................
Position of Greove .45 . Angle from flat .. . (See Pars. & Figs. Q-2 & Q3, or QN-2 & QN-3)

(Flat, horizontal, vemcal or uverhead; if vertical, state whether upward or downward)
For Information Only

Filler Wire—Diameter. 1/ 8' 5/32' ..... iy O Weroino Tecuwiques
Trade Name.. AT00S DUQHOII! o b (et Joint Dimensions Accord with. 2187 8ea.. IV. M 19 mo
Type of Backing. L ST A R S e b SMPE =i volts........... inches per min..
Forehand or Backhand....... . ... ........... . ... ...,
Reouceo Secrion Tewsig Tast (Fig. Q-6 and QN-6)
Sl e I -
; Dimensions Ultimate 8 {F,
r_e' g Wik [ Thicknmn | | Lowtih oG i Totuion ™
—
5 604 104,305 Parent mstal
. .58 110,068 ‘o
Gomoed Beno Tusts (Figs. Q.7.1, Q.7.2, QN.7.1, QN.7.2, QN.73)

i e
L ':ll'"::"ﬁ Refull l.'!;:\ap:e.;\!: Result

81de Passed, no tears 814e¢ Passed, 1/64° and 3/32
; 1 16 corner orabk 000
[ 3'1'00 Fassed, no teafs
;\;I;n;‘nme. B, ¥, Jones ; I NS B o o .Stamp No. Al
Who by virtue of these tests mects welder performance requirements.
Test Conducted by ROBERT" CLARK ‘m ...... Laboratory-~Test No.. .. .....covvvviiii i viiiininnin.n.

We certify that |h statements in this record are correct and that the test welds were prepared, welded and tested in accordance
with the requirements of Section IX of the ASME Code.
Signed........ HAHN & CLAY . D RN ‘

(Manyurmr,v)
Dltc‘d’ 22. 1%5 BY . ivon - vons o's sadbausblonsews e

1Derail of record of tests are tiustrative only and mav be madified to conform to the tgype and number of tests vrqulred by the Code.
Recommended Forn: Q 1 s avarlable for purch we at ASME Headquarters.)
Nore: Anv essential varables in addition ro those above shall be recorded.

[RTECRN ST BT § This torm o obtanable trom the ASME 29 Weor Mth St New York 180N Y

!'eat Results (Standard Charpy 10mm x 10mm Vee Notoh)

imen Ko,
_&T_ 1-5;32 niﬁ‘.‘?‘ _!mgn_!m % 35.31.%..
4 32°7 61,5 L ~60°F 33.5

8 32 56, 15 50°P 35.0

Figure 24 - Welder Qualifications
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TABLE 5 - PROPERTIES OF THE NUMBER 11018 WELD ROD USED ON THE TANK
82128 7/32 Jectwald LE-110 7000 1be.

OATE _ 22 March 1974

CERTIFICATION OF QUALITY CONFORMANCE TESTS

CUSTOMER'S NAME Ris Thres Isdustries, Imec. CUSTOMER'S ORDER NC., M-35551

SPECIFICATION MIL-£-0022200/10 TYPE miL-_11018M SIZE_7/32" xB™0T no. 138

INSPECTION LEVEL ) ] LOT IDENTIFICATION MIL-E-D022200€ PARA. 4.2.1.2

CORE WIRE MEAT NO. Controlled Core Vire Per WET BATCH n0. nl
MIL-E-0022200E Para. 8.2.10. Separate periods

2 hrs. or less.

MECHANICAL & X-RAY TEST

YIELD STRENULTH AS-VELOED STRESS RELIEVED
0.28 OFFSET METHOD 100,400 Not Agplicable
TENSILE STRENGTH % 115,700 S
§ CLONGATION 22.5% Sy
$ REOUCTION IN AREA 88 %
CRAIPY LPALTS X 39 . _Met Amplicable
2 30 2.
3. 48 3.
s 42 s,
X-RAY RESULTS Meet Specification-Requiremsnts AMPERAGE _ 270 DO

GRINDING DURING be TEST PLATE PREPARATION Linited to grindiag weld atarte
OPERATOR ERROR (LAYER NO.S) Mong

WELD PAD CHEMICAL ANALYS!S

CARBON 088 AMPERAGE 270 DOe

SULFUR ] <019

PHOSPHORUS _a010 CONCENTRICITY 3 5t
SILICON  —___ 39

MANGANE SE 1.81 COVERING MO ISTURE nt
CHROMIUM .20

NICKEL

MOLYBOENUM 11

VANADI UM < .0%

we hereby certlfy that the sbove metertal has been tested in accordance with the
listed specification and is In conformence with all requirements, ond Is free from
mercury contamination. All msterial in one containar is from one lot.

Jd. Warren Smith

Manager, Special Products Department
The Linco'n Electric Company
Cleveland, Ohio 44117
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TP,

E2128 7/32 Jetweld LH-110 7000 lbs.

TABLE 5 (Continued)

Date 22 March 1974

CERTIFICATION OF WET MIX EQUIVALENCY TESTS

CUSTOMER'S NAME ntg Three Induatriss, Inc.  CUSTOMER'S ORDER NO. H-35551

DIARETER 7/32° x 18' LOT NO. _33a
SPECIFICATION MIL-E-0022200/10 TYPE MIL 11018M
CORE WIRE HEAT NO. Controlled Core Wire WET BATCH NO. T6, T7

- o . . . .
Per MIL-E-0022200F Pars. V.2.1.2 Separate periods

WELD PAD CHEMICAL ANALYSIS:  NOT REQUIRED 2 NTS: o less.

SEE 3/ TABLE Vile OF MIL-E-0022200/1D

WELD TEST Ba

X-RAY RESULTS Meet Specification Requlrements AMPERAGE _ 270 DC+

Ve hereby certify that the sbove materlial has been tested In accordance with
the listed specification and Is In conformence with al) requirements, and Is
free from mercury contamination. All material in one container is from one
lot. We have on file satisfactory radiographs representing esach of the wet
batches |isted adbove.

J. Warren Smith

Menager, Speciel Products Department
The Lincoln Electric Company
Cleveland, Ohio &A117
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TABLE 6 - PROPERTIES OF THE Ni.Cu2 WELD ROD USED ON THE TANK

CHEMETRON CORPORATION

WELDING PROOUCTS OIVISION

Certificote of Analysis
Hahn & Clay
5100 Clinton Dx.

Cus Order No.
Houston, Texas 77020 g s

Order No.
Shipped
This material conforms to Specification AWS AS 11
X-Ray Satisfactory Type E NiCu- 2
Trade Nome: Arcaloy 9N10 (Specification)
Typical Analysis (Requirements) : Typical
Diameter Size:  S5/32 Mechanical Properties
Lot Number: 1ESOSC3SDE As Stress
MNeat Number: MA44478H Welded Relieved
Carbon .05 (0. 40 Max.) Yield Point (Psi) 50,000
Manganese 3.25 (4.0 Max.) Tensile Str. (Psi) 75, 500
Chromium Elongation, %(2''Ga.) 40%
Nickel 66.0 (62,0/70,0) Red. of Area %
Sificen 80 (1.0 Max,) Charpy V-Notch
Columbium Impacts @
Tontolum (Ft. -1b.)
Melybdenum
Tungsten (Specification Requirements)
c"."' *6.3 Smelater) Min. Unless other- As Stress
Thanium « 15 (1.0 Max.)
wise stated. Welded Relieved
e oyt i Yield Point (Psi) —----- AR i, 6
e -010  (0.025 Max.) ., sile Str. (Ps) 70,000
wen .50 (3.5 Max,)  Elongation, % »
Aonlé Red. of Area, %
Charpy V-Notch
Aluminum .20 (1.5 Max.) Impacts @
(Ft. ~1b.)
Transverse Guided Side Bends-Satisfactory
Surfac Weld Bends - Satisfacto
el :::::' : $$ ing The undersigned certifies »mrymn report i
County of correct ond thot no significant change has
been made in any of the elements described
Subscribed ond sworn to before me in the qualification approvel.
this 14 deyot May v 7
CHEMETRON CORPORATION
WELOING PROGUCTS OIVISION
(71}
Watery Pobl
Ron Kramer
My comailssion enpices: ) ]
June 1, 1978 Jere L. Crim
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TABLE 7 - PROPERTIES OF THE PIN MATERIAL USED ON THE TANK
Chemical Composits
Element C Mo P S Si Mi (:r Mo
0.37- | 0.60- { 0.025 0.025 0.20— 1.55— | 0.65— 0.20
Spacified
0.44 0.95 max max 0.35 2.00 0.95 0.30
Actual 0.41 0.73 0.008 0.011 0.27 1.7 0.78 0.23
Mechanical Properties
Yield 3'"""0“‘ Tmsiiop:trmmh % Elongation % il:o:t:::ion
Specified 140,000 min 155,000 min 11 min 40 min
Actual 156,000 169,500 15.5 56
Impact Properties
Charpy Value
Test .
T:mp. 35 ft-bb Min at -30 F Lateral Expension
F
-30 445 0.022
-30 45.0 0.024
-3 445 0.021
f
46




APPENDIX A

INSPECTION AND WELDING REPORTS FOR LONG SEAM 2




HWANN & CLAY INSPECTION RECORD - A

8 NO. 9? L 00 CUSTOMER U:.S: MAV‘&)/ DATE .5—‘/"7‘/
PART SHELL ) A-<2 ITEM NO.
WELD NO(S» LS -2 ASSEMBLY S S P -C —-/6
TYPE OF INSPECTION: ~ MTR [ MT [] Ut [ visuaL<sd om B4 PT [0 sF [
EQPT. USED: _/ A/S ScAcs<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>